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1. Executive summary 
This report is based on a report sent to the Commonwealth on 1st April, 2017 to meet milestone 3 requirements. It 
has been added as a Supplementary Detailed Report to capture:-  
i. Achievements in gaining regulatory clarity working with the Queensland regulator. 
ii. Technical issues and challenges arising with aspired re-completions of suspended oil and gas wells; and, 
For a number of technical reasons, none of the wells identified as attractive candidates in the project EOI were able 
to be used. This only became clear after the start of the project when the final candidate (the Fantome 1 well) was 
withdrawn in March 2017. 
The project had by then identified several alternatives that could be developed and, learning from early experiences, 
suggested that a number of options be worked on (recognising that all would not mature). However, AusIndustry did 
not approve of this approach, instead restricting work to just two options. These were an Armour Energy well at 
Myall Creek and the Western Downs Regional Council’s town bore at Wandoan 
Neither option could be matured. In the case of Armour Energy’s well, they planned to drill through the formations of 
interest to the project, targeting a deeper gas accumulation. The project was to have paid Armour Energy to collect 
data “on the way through”. However, Armour Energy were awarded Commonwealth funds under the Gas 
Acceleration Programme. This arrangement increased the risk profile (exposure) of the UQ SDAAP data 
requirements and Armour Energy understandably withdrew the offer. In the case of the Wandoan Town Bore (and a 
neighbouring well owned by Glencore), the council were very helpful in working up the opportunity. However, due to 
staff changes and losses, they were unable to support a testing program in the timeframe allowed by the CCSRD&D 
program. 
There are major lessons for future government funded programs in CCS storage appraisal (some of these are 
repeated from lessons documented previously for the Department – Garnett & Limerick, 2015). Projects which 
involve the evaluation of the sub-surface contain large, a-priori uncertainties which cannot be precisely framed in the 
project. The project work itself leads to necessary modifications to scope as lessons and learned and new 
knowledge comes to light. Such projects should not be driven to fulfil the goal of completion of activities identified, 
with the best available knowledge, at the beginning of the project. They must focus on adapting scope in response 
to new knowledge in order to fulfil objectives which generally maximise the value of information required. The 
purpose of these types of project is to increase confidence in investing in future activities and not simply to complete 
pre-set activities. 
The original milestone report was in response to provide evidence for WBS 2000, which includes ‘Detailed 
engineering design, contracting & Procurement (QGC)’ and ‘Detailed Operational Plan (QGC)’ as required for the 
UQ-SDAAP project Milestone number 3. Fantome 1 became inaccessible.  
The project was able to compensate for to a large extent from loss of these original opportunities by accessing 
considerable oil and gas, long term production and injection data which had not been available at the time of original 
proposal. 
2. Background 
The purpose of the project was to deliver a dynamically calibrated, techno-economic assessment of the industrial-
scale storage potential of the (deep) Surat Basin. The project required the acquisition of new (dynamic) sub-surface 
data, if possible, utilising legacy oil and gas (O&G) related well infrastructure.  
October 2015: The original Expression of Interest (EoI) was submitted. Screening studies had identified, as part of the 
‘new data’, three QGC/Shell, legacy wells Fantome-1 and Daydream-1 which were anticipated to be tested (another 
well Tasmania-1 did not screen).  
May 2016 : Final submission of the project plan (v2.0). Further desktop screening work before plan submission 
indicated that Fantome-1 was the more likely of the two, but that further technical work was required by UQ and the 
operator which would be done as part of the project (if awarded). 
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28 June 2016: The Commonwealth Agreement was signed. Ausindustry indicated that they would guarantee to pay 
for technical work in the period before an ACALET was signed. Nevertheless, between 1st July and 31st October, 
UQ SDAAP undertook more work to develop well testing options, in accordance with the plan (v2.0)  
9 October 2016:  The ACALET agreement was signed. By end of October, the well testing preparation work had 
resulted in suggestions for changes to detailed project scope (though not to outcomes). An update plan was issued 
at the time (v3.0), in which  
i. The forward operating model was changed, with Shell/QGC in principle being willing to operate the partial 
P&A phase of an operation and Fantome 1 and agreeing to take on substantial costs which had been 
budgeted within the UQ SDAAP cost estimates. UQ SDAAP’s tests would then be operated by a UQ 
contractor after the ATP had been relinquished by Shell (end March 2017). 
ii. Daydream-1 was confirmed not suitable it proved technically impossible to convert while complying with the 
Queensland well construction code. Hypothetically, it might have been possible to side-track, however the 
operator had a fully understandable reluctance to side-track on risk grounds (with which the Project Director 
concurred). 
iii. The schedule for Fantome-1 was revised to fit the operational timing if Shell/QGC’s  
At that point in time, Shell liaised with the landholder on conversion to a water bore and UQ liased with the State 
government to  
6th December 2016: Shell and UQ visited the landholder on 6th December confirming that they were very 
supportive. Discussions with the Queensland DNRM also confirmed by then that there was a valid regulatory 
pathway for the conversion. 
Dec – March 2017: UQ commenced work on land access agreements for the testing phase (to have commenced 
April 2018) and also commenced the procurement processes for testing design and services. 
However, on the technical front, UQ had additional detailed discussions with Shell about the conversion process and 
had received information regarding unexpected and at the time unexplained Fantome-1 well-head pressures. This 
was reported to funders in project update notes issued on  
(i) 25th January 2017 – Appendix A 
(ii) 20th February 2017 – Appendix B  
(iii) 10th March 2017 – Appendix C. 
In the period that Shell/QGC were investigating matters, UQ undertook wholly independent technical analysis of the 
possible wellhead pressure phenomena in order to inform the project of the likelihood of Fantome 1 ever being 
suitable. By the end of the work (March 2017) UQ concluded that it would never be suitable (as did Shell).   
In essence, the significant risks that had been identified in the project risk registers had eventuated.  
 
Implications for project scope: Because, the QGC/Shell wells could not have been “100% confirmed” as suitable 
prior to more detailed technical work by the operator, the approved plan (v2.0) foresaw this possible outcome 
(Figure 2, p16 of that plan). The first Commonwealth Milestone required a plan variation to be submitted, which it 
was, on 31st October 2016. 
The Commonwealth funding agreement (Schedule 1, p33 of 44) was also explicit with parties agreeing that in case 
wells would not be accessed, all recent data generated through the “CSG boom” could be integrated instead, which 
would require a material project variation in both time and cost. 
Clearly alternatives would have to be developed as foreseen by the project plan including the risks identified and 
change control included in it.  
Ultimately, the project relied heavily on data provide by the oil and gas industry (APLNG, Shell/QGC , Santos, 
Armour Energy and Bridgeport Energy) as well as from the Wester Downs Regional Council.
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The subsequent project milestone (1st April) was used to describe and highlight opportunities arising from 
geotechnical work.  
3. Discussion of work done to this milestone 
3.1 Contracts & Agreements 
3.1.1 UQ-LANDHOLDER ACCESS AND COMPENSATION AGREEMENT 
Following the signing of the UQ-Commonwealth funding agreement (28/6/16) but before project start (signing of 
ACALET agreement, 09/10/16), several meetings were held between UQ and Shell/QCG (Shell) to discuss 
operations management and the conditions under which UQ might deal with the landholder. 
The original operational concept discussed around the time of plan submission (May 2016) was that Shell ‘might’ at 
their discretion operate the extended well test on behalf of UQ (ref. QGC letter of support for EoI 25/11/15). 
However, discussions with Shell and with the Queensland Department of Natural Resources and Mines (Q-DNRM) 
resulted in a non- extendable relinquishment date (mid-March 2017) for the ATP is question. 
This resulted in Shell electing to conduct P&A and well conversion operations themselves (and without charge to the 
project). However, it also meant that UQ would have to contract for and operate the water pumping tests, but after 
March 2017. 
UQ understands that Shell discussed directly with the landholder what well-pad and road and fencing infrastructure 
they would like left after tenement surrender. 
Following this, Shell and UQ visited the landholders together on 6th December 2016 to discuss the forward options 
for land access and compensation. This was followed by a letter from UQ to the landholder (21/12/16) describing the 
project (Appendix 1), while regulatory conditions for conversion were becoming clear. 
Shell had originally planned to P&A (and convert) the Fantome-1 well, last on an operational sequence with an 
expectation date (in Aug/Sept) of mid November 2016. However, wells earlier in their sequence were delayed due to 
operational reasons and in late October, the Fantome P&A work was delayed to an expected date late in January 
2017. 
In the interim, UQ commenced the drafting of a landholder access and compensation agreement (Appendix 2) to 
cover access for extended well testing in an April time frame (as well as conducting an EOI for testing services). 
However, in preparation for a January 2017 operations start date, Shell contractors undertook a pre-job pressure 
investigation and found unexpected high gas pressures on the well head (ref UQ-SDAAP, Update Note – 25/01/17). 
This caused a halt to the work on compensation agreements until further clarity could be gained by Shell. 
Subsequently, in a letter from Shell, 20th March (Appendix 3), UQ was informed formally that Shell are planning to 
retain the acreage as a “potentially commercial area” and that the “… conversion for the landholder’s use as a water 
bore is not now possible”. UQ had previously informed the funders that access was deemed “highly unlikely”. 
The drafting of the agreement was frozen but submitted as part of the Milestone report (#3). 
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3.1.2 PROCUREMENT 
Contracting for water well testing services commenced through a two-stage process. The aim was to be ready for 
contractors to commence work after the QGC/Shell surrender of their ATP (end of March, 2017). 
To this end, a UQ procurement plan was developed from early December 2016 and was approved internally on 9th 
January 2017. A two stage process was approved. The first stage was designed to test contractor (or consortium) 
capability, capacity and relevant experience as well as produce a shortlist for a subsequent invitation to tender. 
The scope described in the stage 1 EOI was based on a Fantome-1 water well, pump-off test and is equally 
applicable to other water tests currently under consideration (e.g. the ‘Town Bores’ or QGC/Shell GW4 tests). 
The first stage process was issued on 16th January 2017 with responses due on 7th February 2017. Ten companies 
responded and four were shortlisted via a UQ panel process by 17th February. 
The intent had been immediately to issue a full tender to these four companies. However, in the interim, UQ 
received informal news about the presence of gas on the Fantome-1 wellhead. Therefore, the tender process was 
paused. 
The submissions remain valid and the tender process will be picked up again depending on funders’ response to the 
current plan changes. 
In parallel, external counsel was engaged to make a framework contract to accompany the tender. This was halted 
as soon as the news on Fantome-1 was understood. 
3.1.3 REQUIRED PERMITS AND CONSENTS (REGULATORY PATHWAY) 
The regulatory pathway is now clear for similar cases. 
1. The ATP (tenement) could not be extended beyond the surrender date in this case as it was 
the end of a 12-year period. 
2. The State could not accept transfer of ownership of the P&G well directly from the Operator. 
3. The deeper sections of the well had to be abandoned under the P&G Act and in accordance 
with the Queensland well construction code. This includes: 
o a requirement of at least 30m of cement above the depth at which the tubing would 
be cut and below any new perforations; 
o cement calculations and records must confirm that cement is present across all 
intermediate aquifers, e.g. it was returned to at least 30m inside the next casing string 
(in this case the surface casing). 
o that a licensed water driller had been engaged in the operation 
4. The well had to then be transferred from ownership of Shell to the landholder and from the 
jurisdiction of the P&G (Production and Safety Act) to the Water Act. 
o After this step, the well could then be transferred to State ownership as a monitoring 
bore (e.g. if water quality proved not to be suitable for landholder use), though this 
did not eventuate. 
In addition to this, an operator might also have their own internal well integrity standards and 
abandonment which might be over and above statutory requirements. This may still have 
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been a concern with Fantome e.g. following a new cement bond survey, but it did not 
eventuate in this case). 
 
3.2 Detailed Operational Plan 
Extensive work was done to derive a Basis of Design (BoD) for well testing in the 
Fantome 1 well and geotechnical work informed the scope for the EOI procurement 
process. The majority of the technical work is described in progress reports for WBS 
3200 (Well Test Design). 
In that BoD modelling, single-value petrophysical properties were used and different 
pumping scenarios were developed based on various DD and BU periods and flow 
rates. However, at that time, no sensitivity analysis on properties such as permeability, 
Net Pay and porosity was done to reduce the uncertainties associated with calculated 
Radius of Investigation (RoI) and pressure response measured at the Fantome 1 well 
bore. 
The task of finalising a detailed test and operations design was planned to be undertaken 
after the well access was confirmed. However, in the interim, the state of the well has 
meant that no pumping test will be conducted in the Fantome 1 well, due to lack of 
access. 
Similarly, perforation and clean-up records pressure (flow, composition) were 
foreseen (in October) as becoming available in January or February 2017 as part of 
QGC’s conversion operations. However, as discussed, while preparatory work was 
undertaken, it became clear in January that testing could not be undertaken. 
Therefore a detailed operational plan is no longer possible or required in this milestone 
time frame. Future tests may require detailed design. This will be discussed in the 
Milestone plan update. 
 
4. Conclusions 
A clear regulatory way to convert legacy oil and gas wells, under the new Queensland 
Code of Practice has been established. 
Significant work was undertaken on this part of the work program deliverable (to fit 
the project time frame). However, changes in the project caused by external drivers 
beyond UQ’s control mean that, while most work was done, the deliverables per se, 
became non- applicable. 
Work on contracting was put on hold in February but the short-list that resulted can be 
picked up quickly for future data acquisition opportunities such as the Wandoan town 
bore. 
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Other than wrapping up the technical work undertaken on Fantome (WBS 3100 & 
3300), which is now complete, no further work is planned on the well. A watching brief 
is being maintained. 
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6. Appendix A – Project update 25th Jan 2017 
UQ – Surat Deep Aquifer Appraisal Project 
Update Note – 25 January 2017 
Project number CCS49374 
Grantee name University of Queensland 
Project title UQ Surat Deep Aquifer Appraisal Project 
Progress period Update note for Cwlth & ACALET (NB updated risk assessment RR3.3b)  
 
Preamble 
The purpose of this note is to update the Department and ACALET on progress on the UQ SDAAP 
project since the last, interim update note (dated 17-01-20171). The project is entering a critical 
stage where new information about the Fantome-1 well is becoming available. Therefore, the intent 
is to issue regular updates of the project and its risk assessment.  
Project progress 
Headlines 
1- Progress on Fantome-1 Conversion 
QGC have completed operations on wells before Fantome-1 on their operational sequence and 
have been preparing for mobilisation to site. As part of this they have undertaken an initial pre-
job, pressure investigation of the well. In parallel, UQ has further defined the “free gas” related 
risk composed of two parts (risk_id #17a) a shallow, biogenic (lesser) risk and (risk_id #17b) a 
potentially more serious, deeper-sourced thermogenic gas risk. Pressure on the well head has 
been verbally reported but neither details nor operational implications and plans are yet 
available. 
2- Procurement 
An EoI has been issued for well testing and operations management services 
3- Technical 
The search for and short listing of Well Testing and Monitoring alternatives continues as does 
access to managed aquifer recharge and other dynamic data. A mutual confidentiality 
agreement has been signed with the owners of the Moonie oil field allowing UQ to investigate 
whether dynamic data therein is useful for calibration purposes. The Chinese collaborators (led 
by CUMT) have confirmed interest in a parallel pumping test (in China) to confirm the proposed 
UQ methodology in a very different geological setting. 
Risk and Uncertainty Management (RR V3.3b) 
Since the last update of the risk register (RR3.3a), additional, technical information has been 
received relating to the condition of Fantome-1 (presence of well head pressures). The presence of 
unexpected pressure on the well head has been verbally reported but neither details nor 
operational implications and plans are yet available. There are two potential sources of free gas in 
                                                     
1 Emailed on 19-1-17 
CONFIDENTIAL INFORMATION 
 
UQ-SDAAP | Experiences in adapting legacy oil and gas wells for CCS-related well testing 11 
 
the well that could result in a wellhead pressure, the risks of which have now been separated. Each 
has a different likelihood and consequence (risk score). Former risk id #17 is now defined in two 
parts. Risk #17a relates to a shallow, biogenic (lesser) risk where gas in the well is sourced via 
biogenic activity. Risk #17b relates to a potentially more serious, deeper-sourced thermogenic gas 
risk. UQ’s calculations are that if Well Head Pressures (WHP) above ~1630 psi are encountered, 
then the source is likely to be deep thermogenic, if WHP is lower, then the gas source would be 
indeterminate until further investigation. The impact of free gas pressure on the suitability of the 
well however, is very dependent on (i) where the pressure is i.e. main tubing or in an annulus; (ii) 
the level of that pressure and (iii) whether it can be ‘blown-down’ (bled off) on testing. These data 
are not yet available but (i) and (ii) may become evident over the next few weeks. 
Based on the current available information, it has been assumed by UQ, for risk assessment 
purposes, that thermogenic gas is “likely” to be the cause. If confirmed, this will cause a delay (est. 
a few months) in UQ’s access and testing - a worst case consequence would be to render the well 
unsuitable. This score is updated on the RR below (version 3.3b, 25/01/17).  
 
Figure 1: Project risk register (25/01/17) 
 
  
version 3.3b
25/01/17
Highly Unlikely
Only in exceptional 
circumstances or no 
previous incidence or in 
direct control
 Unlikely
Could occur at some time. 
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etc
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Ops HSE Mgmnt (hold 
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4
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for achieving best quality 
project outcomes
Non-op. cost over-runs
Access to tools
Access to skills
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(procurement)
Equipment avail. schedule
Access to 3rd part data & 
studies
Water quality
Alt. Operator UQ C&P
Social/community 
resistance (gen)
Artesian flowing bore
Complexity-var'n control
Hot water flow
3
Project outcomes will be 
achieved but a little 
compromised
Op. cost over-runs
Weather
PhD Funding via APA
Procurement scope def'n
Contractor mgmnt
Confl. of Int (procurement)
Gas in water test.
Ops HSE management
PhD Schedule >2019
2
Project outcomes will be 
sufficient
1
Project outcomes are 
assured
QGC relinquishment
UQ-QGC agreement
1 2 3 4 5
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Discussion on key (updated) risks … 
Risk ID Headline Discussion 
#17b Free 
thermogenic 
gas in 
suspended 
wells 
Static wellhead pressures have been verbally reported on an initial pre-job well-
inspection. UQ calculations indicate that pressures above ~1630 psi may be deep 
thermogenic. Previously, the free gas risk (#17) was deemed ‘unlikely’ though it would 
have major implications. For thermogenic gas has been increased to ‘likely’ because of 
the pre-job reports coming in. UQ will work with QGC to discover the magnitude of the 
pressures, whether they are on tubing or annuli and whether they can be reduced. QGC 
may have to change operational plans. 
#17a Free biogenic 
gas in 
suspended 
wells 
As in #17b, Pressures of a few thousand psi have been verbally reported on initial pre-
job well-survey. UQ calculations indicate that pressures above ~1630 psi may be deep 
thermogenic. Previously, the free gas risk (#17) was deemed ‘unlikely’ though it could 
have major implications. It is now thought less likely that biogenic gas is the cause given 
the well construction and isolation in place. 
#25 Fantome 
completion 
(new info) 
Assessment unchanged since RR 3.3a, but the presence of gas (depending on type and 
where it is detected) may be indicative of behind casing cement bond issues. 
 
In summary, the assessed risk of significant pressure in the well due to thermogenic (deep) gas 
has been increased and therefore the risk that the well could be deemed unsuitable for the project 
is also increased. Assessment is not yet complete, but this note serves as early notification of the 
trajectory of this risk factor. 
Possible Implications of Significant Gas Pressures. 
The following views are those of UQ only and do not represent the views or positions or 
plans of QGC/Shell, nor do they reflect any discussions between the two parties.  
A great deal depends on the nature of the gas pressure phenomena [points (i) to (iii) above]. 
Several scenarios are possible. A delay in UQ’s water testing (proposed Q2 & Q3, 2017) is likely 
and may be the best outcome. Critical data that is still required for test planning and cost estimation 
(esp. water quality and rate) may not be known for some time depending on the operator’s plans. 
The operator will need to re-enter the well and probably test/flow the gas, rather than a simple P&A 
as planned. To do this (UQ expects), will likely require a delay to plan for a safe operation and to 
mobilise test equipment. The required duration of testing is not known. Since the ATP (exploration 
permit) is close to its final surrender date, the operator may have no option other than to declare a 
“potential commercial area” (PCA), if only to allow time for full evaluation and proper testing 
operations. Confirmation of a PCA is a regulatory process and will take some time to complete 
(weeks to months). There are then several possible outcomes from the re-entry and flow testing for 
the UQ project.  
1. Gas pressures may be erroneous, or short-lived, and/or flow-rates and volumes may be found 
to be insignificant, leading to P&A of the bottom hole and reversion to water well conversion 
plans. 
2. Gas pressure and flow-rates may be insignificant but may be deemed to be indicative of 
cement bond or zonal isolation issues (related to risk #25), in which case the well could be 
deemed unsuitable for conversion. 
3. While on current evidence ‘unlikely’ (as the well was previously tested and prepared for P&A), 
there’s a chance that commercial rates are established. The well would then be unsuitable and 
likely unavailable for conversion. 
The relative likelihood of these cannot yet be evaluated with currently available data. A simple 
delay of a few months, in and of itself, is not a major concern, well suitability or availability is. 
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Short Term Project Response. 
Regular discussions are ongoing with QGC and the State government will be updated as soon as 
there is more clarity. QGC are liaising directly with the landholders and UQ will do so at the first 
opportunity to keep them fully apprised. 
An EoI for well testing services has been issued with initial responses due back in early February. 
The plan was then to have issued an invitation to tender to a short list. However, this invitation may 
now be delayed pending further details on the condition of the well and QGC/Shell’s plans. The 
option to press ahead or delay will be discussed with funders, prior to any further commercial work. 
No further long term commitments will be entered into until further clarity is gained. 
The objective of the geotechnical part of the project remains to develop a low cost methodology 
and to dynamically calibrate the deep basin. However, potential loss of any new, deep basin data 
would mean that deep, dynamic potential would need to be extrapolated, albeit bracketed by depth 
and reservoir architecture trends. A project update (ACALET and Commonwealth project 
milestone) was already planned for 1st April 2017 – this date will hold. An updated plan at that time, 
will include options and ‘possible outcomes’ for Fantome-1 operations. The updated plan would 
also lay out alternative options for additional calibration data (if wells are found) and for alternative 
study methods (including multiple scenario approaches) to achieve project outcomes with trade-
offs and mitigation methods made clear. 
The Project Steering Committee will need to meet around 15th April to discuss. An invitation will 
issued in the near future. 
Further Technical Analysis (UQ). 
The following analysis is a scoping exercise designed to inform what wellhead pressures could 
exist and what this might mean about connection to possible gas bearing formation. The aim is to 
help funders understand the phenomena and uncertainties. The original exploration well 
encountered, not surprisingly, elevated mud-gas readings in some (mainly coal) formations. 
In the case that these formations (1) contain free gas, which can (2) flow, and which is (3) 
‘somehow’ connected to the production tubing or annulus, then possible static well head pressures 
can be calculated assuming ‘typical’ hydrostatic gradient and gas densities. 
With reference to the figure overleaf: there are four formations where mud gas levels were elevated 
during the drilling of the well. These were in the shallow Walloon Coal Measures and the deeper 
Rewan, Kianga and Black Creek formations. 
The Walloon Coal Measures are cemented-off behind the 9 5/8” casing. Absent a casing leak, if the 
cement bond was poor and if free gas were present and if it were able to flow, this could cause a 
pressure on the ‘B” annulus. Well head pressures in this scenario of up to ~1630 psi would be 
possible. 
The 3 deeper formations are cemented behind the 5 ½” casing. If the cement bond were poor and 
if free gas were present and if it were able to flow, well head pressure on the ‘A’ annulus of over 
~4,500 psi could be possible. Alternatively, similar pressures inside the 5 1/2” tubing (‘PT’ in the 
diagram) could result from a combination of poorly isolated perforations and problems with the 
temporary bridge plug (which was set with 3000 psi ‘trapped pressure below’).  
Critical information is still required to improve this risk assessment regarding gas density 
(pressure), pressure reading details and the location of over-pressures. 
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Figure 2: Illustration of Fantome-1 Suspension diagram (modifed after Well Completion Report). LHS Diagram: shows formations where elevated mud 
gases were recorded on drilling (red arrows), possibly indicating the most likely sources of gas in the well in relation to the casing and cement. RHS 
Chart: shows a rough and initial estimate of possible static pressures that may be present in the well if the potential down-hole sources (LHS) are in 
communication with the wellhead. 
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7. Appendix B – Project update 20th Feb 2018 
UQ – Surat Deep Aquifer Appraisal Project 
Update Note – 20 February 2017 
Project number CCS49374 
Grantee name University of Queensland 
Project title UQ Surat Deep Aquifer Appraisal Project 
Progress period Update note: Cwlth & ACALET (updated opportunity & risk assessment)  
Preamble 
The purpose of this note is to update the Department and ACALET on progress on the UQ SDAAP project 
since the last, interim update note (dated 25-01-2017). The project is entering a critical stage where new 
information about the Fantome-1 well and alternative data gathering opportunities are becoming available. 
Therefore, the intent is to issue regular updates of the project and its risk assessment. An opportunity 
register is presented separately from the risk register. 
Project progress 
Headlines 
4- Update on Fantome-1  
UQ has had additional conversations with QGC/Shell and has received information from the 
wider contractor market regarding Fantome-1 well-head pressures. QGC’s plans and 
intelligence on the market now make access to the well “very unlikely” (UQ current 
assessment) with at least 6 months before further clarity can be expected.  
5- Update on Alternative Dynamic Data Gathering 
As per the project plan, UQ are investigating several alternatives to obtaining new (and 
previously unavailable) dynamic data. Significant Surat Basin options are being matured and 
are shown in this note via an “opportunity register” (see later). A parallel test in China is also 
looking very likely (this would be a confirmation of test methodology in a different basin setting). 
6- Procurement 
Four potential suppliers for testing services have been identified from the EoI process. The 
capabilities will also be applicable to some of the ‘alternatives’ (above). However, an “invitation 
to tender” is delayed until the next milestone (1st April, 2017) or until agreements on 
alternatives have progressed.  
Risk and Uncertainty Management (RR and OR V3.3c) 
Since the last update of the risk register (RR3.3b), additional, information has been received regarding 
Fantome-1.  
(a) QGC/Shell have confirmed in meetings with UQ that they will proceed to declare a “potentially 
commercial area” (PCA). The information given is commercial and in confidence. This is needed to 
allow them time to study and test phenomena more closely. UQ is working with QGC to articulate the 
current situation and uncertainties in writing. Under a PCA, QGC/Shell can undertake further studies 
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and (gas) well tests to better quantify whether this is a short-lived anomaly or not. However, this 
information will take several months (best guess 6) and maybe longer to determine.  
(b) Second, contacts in the wider industry have informed UQ independently (and without formal QGC 
technical corroboration) that well-head pressures have been reported in the range 8,000 to 11,000 psi. 
With reference to the last interim update (25-01-17), UQ considers this to be indicative of a deep and 
‘over-pressured’ gas source which will be challenging to interpret and will raise the risk-profile of well 
conversion to water bore status.  
(c) Based on experience with industry in such situations, the UQ Project Director now considers the 
chances of ultimate conversion to a water well “very unlikely” but still requires new data or information 
from QGC/Shell to completely write it off. 
As per the Project Plan, UQ has also been seeking alternative dynamic data opportunities from accessing a 
wide range of existing but previously unavailable data to new data acquisition in wells other than Fantome-1 
(hitherto considered ‘likely’ and ‘ideal. The following alternative types are shown below on the Opportunity 
Register (OR) and are currently being matured. 
A. [WBS 2400] Access to existing Managed Aquifer Recharge reports (minimum) and raw data (ideal).  
− Reports have been received from QGC/Shell 
− APLNG have promised raw data from their tests, currently undergoing final approvals negotiations 
− QGC/Shell will supply raw data from their extensive tests on Managed Aquifer Recharge 
− QGC/Shell will also work with UQ on access for new tests or to install gauges at their GW4 well 
(Woolloobee Creek) if required. 
 
B. [WBS 2500] Access to wells from other operators 
− Armour Energy (AE) work on the western part of the main Mimosa syncline. AE and UQ are working on 
an agreement and scope of work to allow access to AE new wells to be drilled in Q3, 2017 in the Myall 
Creek area for dynamic tests and coring.  
− AE are also willing to consider longer well tests as part of P&A campaigns in the Namarah and 
Parknook areas but this would not be until Q1-Q2 2018. It is being worked-up to see if it could fit within 
the project time-frame. 
− Clarke Oil & Gas have deep drilling programs in the western, but deeper part of the basin. UQ has 
contacted them to see if they could acquire Precipice data within their programs. 
− TAG Oil Ltd has recently acquired assets at Bennett and Leichhardt including past production and 
currently suspended wells.  UQ has approached TAG to see if production data may be obtained or if 
any of the suspended wells are slated for P&A and available for testing or the Precipice prior to P&A 
operations. 
− Bridgeport (Cabawin-1) – suspended exploration well see WBS 2700 below 
− Santos has been approached regarding access to its (previously converted) Precipice monitoring bores 
located on the Roma Shelf. While Santos is willing to collaborate they have advised that these wells do 
not produce appreciable volumes of water so they may be unsuitable for our purposes. 
 
C. [WBS 2600] Access to other wells for monitoring (‘null’ monitors). Western Downs council have 
confirmed that they are interested in collaborating with data from the Wandoan and Miles town bores. 
UQ is following up with detailed discussions about both obtaining data (Miles has production 
CONFIDENTIAL INFORMATION 
 
UQ-SDAAP | Experiences in adapting legacy oil and gas wells for CCS-related well testing 17 
 
volumes/rates and data logger data while Wandoan bores only have production volumes/rates) and also 
installation of pressure gauges and/or data loggers at the Wandoan bores. 
 
D. [WBS 2700] Access to Moonie field long term production data. An MoU is completed with Bridgeport 
(owners). A large transfer of documents is now taking place. A meeting with be held early March to 
construct a study plan.  In addition, Bridgeport also has interests in the Cabawin (and possibly) Alton 
assets.  UQ is also exploring the possibility of getting historical production data form these fields and 
any opportunities for testing wells slated for P&A.  
Table 1 indicates the possible calibration coverage. The “deeper” and “channels” dynamic data are the 
rarest. Uncertainties in these two aquifer sub-classes are larger and therefore calibration data of more 
theoretical value. However, a range of depth and facies data can also be used to ‘bracket’ or calibrate the 
deeper facies if necessary. 
Table 1: Dynamic calibration of gross depositional facies (data availability) 
Facies to be calibrated (simplified) 
Depth range Western channels North Blocky 
Eastern or Central 
Blocky 
Shallow (500 – 
800m) – not a direct 
CCS option 
(historic production and 
water data – low quality) 
Wandoan Town Bore Miles Town Bore 
Mid (800 to 1800m) 
Santos Roma Shelf 
Monitoring Bores 
Armour new well 2017 
Armour P&A 2018? (LT) 
APLNG MAR (LT) 
QGC MAR (LT) 
(raw data improves this) 
Moonie Field Data (LT)  
(this is a new opp.) 
TAG recent acquisitions 
Deep (>1800m) 
Main areas of interest-> 
Clark Oil & Gas new 
wells 
N/A  
(all shallow by def’n) 
Cabawin-1 (or equiv) 
Fantome 
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Risk and Opportunity Registers (v3.3c – 20/02/17). 
This score is updated on the risk register (RR) below (version 3.3c, 20/02/17).  
Figure 3: Project risk register (20/02/17) 
 
Discussion on key (updated) risks … 
Risk ID Headline Discussion 
#17b Free 
thermogenic 
gas in 
suspended 
wells i.e.  
FANTOME-1 
Risk (likelihood) increased for Fantome-1: gas pressures are leading to 
QGC/Shell declaring a PCA. Pressure reported by other sources are “high” 
indicating deep gas sources and ‘overpressure’ deep gas sources. At best 
there will be a delay in getting clarity on use of this well. However the presence 
raises the risk profile significantly (UQ assessment) making ultimately 
conversion very unlikely. Risk to the project is “very likely” that the planned 
data cannot be acquired. It is certain that key information will not be available 
until at least 6 months. 
#25 CTSco 
Impacts 
Risk (likelihood) reduced due to recent communications on timing of CTSCo 
and UQ-SDAAP communications which explain differences. If no private 
landholder is engaged, the risk will reduce further. 
 
The alternative project opportunities are summarised in the matrix below. Notes: (1) note the current 
assessment of “likelihood” reflects the current maturity of the opportunity assessment – positions will change 
in the short term as data are sourced and work programs and agreements are finalised: (2) the difference in 
calibration opportunity ‘consequence’ between scores ‘4’ and ‘5’ is ‘OR’ vs ‘AND’ respectively. 
version 3.3c
20/02/17
(RISKS)
Highly Unlikely
Only in exceptional 
circumstances or no previous 
incidence or in direct control
 Unlikely
Could occur at some time. 
Rarely has. Checks and 
balances usually suffice. Early 
indications promising etc
Likely
Material chance, (or out of 
direct control) treat as if  at 
least 50:50 until reduced
Very Likely
More likely than not to occur. 
Has happened often before. 
Or not in direct control
Highly Likely
Treat as if almost certain to 
occur. A common or 
reasonably expected 
occurance
5
Has major implications for 
achieving project outcomes, 
costs or the University 
reputation
Land access agreement 
(UQ)
Biogenic gas
(Rev) CTSCo impacts (esp. 
on L/H)
Formation Damage
Fantome completion Thermogenic gas
Ops HSE Mgmnt (hold 
unassessed)
4
Has important implications 
for achieving best quality 
project outcomes
Non-op. cost over-runs
Access to tools
Access to skills
Perception of probity 
(procurement)
Equipment avail. schedule
Access to 3rd part data & 
studies
Water quality
Alt. Operator UQ C&P
Social/community resistance 
(gen)
Artesian flowing bore
Complexity-var'n control
Hot water flow
3
Project outcomes will be 
achieved but a little 
compromised
Op. cost over-runs
Weather
PhD Funding via APA
Procurement scope def'n
Contractor mgmnt
Confl. of Int (procurement)
Gas in water test.
Ops HSE management
PhD Schedule >2019
2
Project outcomes will be 
sufficient
1
Project outcomes are 
assured
QGC relinquishment
UQ-QGC agreement
1 2 3 4 5
LIKELIHOOD SCALE
C
O
N
S
E
Q
U
E
N
C
E
 S
C
A
L
E
LIKELIHOOD SCALE
CONFIDENTIAL INFORMATION 
 
UQ-SDAAP | Experiences in adapting legacy oil and gas wells for CCS-related well testing 19 
 
Figure 4: Project opportunity register (20/02/17) 
 
Discussion on key opportunities … 
Opp ID Headline Discussion 
O-1 & 
O-2 
APLNG & QGC 
MAR Data 
[WBS 2400] - Data either received or promised – will provide significant radius of 
investigation and interference data over a mid-depth range. 
O-3 Access to QGC 
G4 Site 
WBS [2400] - Access for to site for new data (pumping or pressure over time). Details of 
experimental design needed in context of existing data (still under review) 
O-4 & 
O-5 
Wandoan & 
Miles Town 
Bores 
WBS [2600] - Interest and support confirmed. Details of existing data being reviewed 
O-6 Moonie LT 
Prod Data 
WBS [2700] - MoU in place with Bridgeport. This will allow access to a key facies at mid-
depth, including the influence of faults. 
O-7 Cabawin-1 (or 
equiv) 
WBS [2500] - Cabawin-1 is a suspended well north of Fantome-1. It is operated by 
Bridgeport. Discussions are underway, but the decision to convert may be influenced by 
the apparent promise of gas from the Fantome-1 well (once it becomes public). The well 
was drilled to previous well construction codes and conversion may not be possible 
under these. 
O-8 Armour new 
well, 2017 
WBS [2500] - Armour are very keen to pursue research cooperation. Details of data 
acquisition program are being worked up. Timing works well (Q3), facies are of interest 
(channels) but depth is mind-range. Possible to get a unique core and DST. 
O-9 Armour P&A, 
2018 
WBS [2500] - Armour may bring forward plans to P&A production wells on the west of 
the syncline. If they do, they are open to discuss a long well test in the Precipice. 
However, there are other commercially drivers and the well was drilled before the current 
well Code of Practice and the government may not accept its conversion. 
version 3.3c
20/02/17
(OPPORTUNITIES - 
dynamic calib only at 
this stage)
Highly Unlikely
Opportunity investigated 
thoroughly and/or new data - 
not promising (experience) or 
confirmed (documents) 
unlikely
 Unlikely
Experience indicates promise 
but yet agreements or data. 
Essentially immature need to 
be worked up to increase 
likelihood
Likely
Contacts made and promising. 
Letters and design work in 
prep. Experience promising of 
technical doability
Very Likely
More likely than not to occur. 
Initial agreements in place, 
documents exchanged, 
evaluation in prep. Details to 
be followed up.
Highly Likely
Treat as if almost certain to 
occur. Data exchange already 
made - close working 
relationship.
5
LT dynamic tests in 
uanclibrated facies AND at 
uncl. depths
Fantome (CURRENT)
New ops under dev…
Cabawin-1 or equiv test
Armour P&A, 2018  (LT)
Clarke OG New Well (LT)
4
dynamic tests in 
unaclibrated facies OR at 
uncal. depths
Santos Roma Shelf 
Monitoring Bores
TAG Oil (Bennet &/or 
Leichardt) 
Armour New Well, 2017
Wandoan Town Bore
Miles Town Bore
QGC GW4 Site (new tests)
Moonie LT Prod Data
China Pumping Trials 
(Method demo)
QGC MAR Data
APLNG MAR Data
3
other supporting 
information to allow better 
estimate of pressure 
response (core, seismic, 
DST, DFIT, MDT etc)
2
nice to have data but 
probably not material to 
outcomes
1
not relevant to main 
calibration outcome
1 2 3 4 5
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O-10 Clarke Oil & 
Gas new well 
WBS [2500] - Clarke’s published plans include exploration drilling to the Permian in the 
deeper, western centre of the syncline. They were engaged previously during the CGI 
project (by the current Director) and were willing to discuss new data for a ‘bottom hole 
financial contribution’. The discussion has been restarted. However, it is also likely to be 
contingent on their ability to raise funds on the market. 
O-11 China real 
Pumping Trials 
(method) 
New code required – UQ will assist in test design (but not pay for any testing costs). The 
opportunity allows for an independent test and development of dynamic calibration 
methodology in another basin.  
O-12 Santos Roma 
Shel Precipice 
Wells 
WBS [2500] – Santos converted some mid-depth, channelized Precipice wells from old 
oil and gas wells to pressure monitoring wells to the west of the area on the Roma shelf. 
They are willing to provide data, but have little or no water flow data. UQ will have to 
understand why in order to determine whether the data are usable 
O-13 TAG legacy 
producing 
assets 
Bennett and Leichhardt discoveries have some testing and past production data. Wells 
are currently suspended wells. They are analogous to Moonie which is a more mature 
opportunity/ 
 
Next Steps (short term) 
The following is a summary of ongoing actions to the next main project milestone to firm up possible work 
plans for the Steering Oversight Committee: 
− QGC/Shell - Fantome-1: Seek further discussion with QGC/Shell and written clarification to advise 
on whether the Fantome-1 well should be retained as a late 2017 to 2018 opportunity, 
− QGC/Shell – GW4 access: Review existing data and if indicated completed an experimental design 
for further data acquisition 
− Bridgeport - Moonie: firm up an evaluation work program for Steering Committee consideration at the 
next milestones. 
− Bridgeport – Cabawin-1: explore re-entry options for recompletion and extended well test. Discover 
possibilities with State government for wells drilled under previous code. (Investigate addition 
possibilities for “Alton” suspended wells) 
− Armour Energy – New Well, Q3, 2017. Meet with AE again and design new data acquisition 
program. Commence commercial/research arrangement to allow UQ to pay incremental costs for 
data. 
− Armour Energy – P&A Campaign, 2018. UQ to screen existing completions and liaise with State 
government on code compliance. 
− TAG Oil Ltd – Follow up on Bennett and Leichhardt assets for historical production data and 
suspended wells slated for P&A that may be available for testing the Precipice. 
− Miles & Wandoan – town bores. Discover historic data availability, work with WD council to firm up 
work scope to monitor (add gauges and data loggers) or test. 
− Clark O&G – New Wells, date unknown. Continue liaison with COG to discover options to test 
Precipice. 
The aim of the above scoping work is to finalise a calibration possibilities and detailed work-scope for further 
Steering Committee discussions in April. 
 
END 
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8. Appendix C – Project update 10 Mar 2017 
 
UQ – Surat Deep Aquifer Appraisal Project 
 
Update Note – 10th March 2017 
 
Project number CCS49374 
Grantee name University of Queensland 
Project title UQ Surat Deep Aquifer Appraisal Project 
Progress period Update note: Cwlth & ACALET (updated opportunity assessment) 
Preamble 
The purpose of this note is to update the Department and ACALET on progress on the UQ SDAAP project since the 
last, interim update note (dated 20-02-2017). Alternative data opportunities are being firmed up. An update eot the 
opportunity register is presented. 
Project progress – headlines 
[1] Update on Fantome-1 
No update, QGC/Shell have committed to providing written advice as soon as their plans are 
clear. The Project is carrying the possibility as “highly unlikely” though not yet written off. 
[2] Update on Alternative Dynamic Data Gathering 
Armour Energy have confirmed their desire in Q2/Q3, 2017 to help UQ obtain new core, 
wireline and DST data in one of three new wells to be drilled at Myall Creek – a research 
collaboration agreement is being discussed. Armour are also open to further UQ data gathering 
at Parknook in one of eight wells to be P&A’d, though in Q1/Q2 of 2018. The Western Downs 
Regional Council have confirmed their willingness to assist with data gathering in the Miles and 
Wandoan Town Bore – a site visit is planned for 13/3. Bridgeport have provided significant 
technical information about the Moonie Field. 
[3] Update on Geology and Calibration 
Detailed reviews of well and 3D seismic the western flank of the Mimosa syncline in the Myall 
Creek and Parknook areas and towards the deep basin centre, show very complex channel 
and blocky facies and some relatively surprising instances with no sand in the Precipice. 
Changes occur in a very small distance. This complexity likely has important consequences for 
far field pressure transmission, injection decline rates in central injection wells and groundwater 
displacement. It makes the western flank new opportunities more pertinent than at first thought. 
Risk and Uncertainty Management (Opp. Register V3.3cd) 
Since the last update of the risk and opportunity register (prev. RR and OR 3.3c, now OR 3.3d), additional work has 
been done on maturing alternative data opportunities. 
The following table indicates the possible calibration coverage and has been updated following ongoing geological 
interpretation. The “deeper” and “channels” remain the rarest dynamic data. Uncertainties in these two aquifer sub- 
classes are larger and therefore calibration data of more theoretical value. However, a range of depth and facies data 
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can also be used to ‘bracket’ or calibrate the deeper facies and more is coming available. The 
recently mapped occurrences of “no sand” facies in the west, will complicate the modelling of 
far-field pressure response and he dynamic impact will need to be better understood. 
 
Table 2: Updated dynamic calibration table (data sources) – 10/03/17 
Facies to be calibrated (simplified)  
Depth range Western 
channels 
North Blocky 
Eastern or 
Central 
Blocky 
No Sand 
Occurrences 
Shallow (500 – 
800m) – not a 
direct CCS option 
(historic production 
and water data – 
low quality) 
 
Wandoan Town 
Bore 
 
Miles Town Bore 
N/A 
 
Mid (800 to 
1800m) 
Santos Roma Shelf 
Monitoring Bores 
Armour new well 
2017 
Armour P&A 2018 
APLNG MAR (LT) 
QGC MAR (LT) 
(raw data 
improves this) 
Moonie Field Data 
(LT) (this is a new 
opp.) TAG recent 
acquisitions 
 
Armour new well 
2017 Armour 
P&A 2018 
Deep (>1800m) 
Main areas of 
interest- 
> 
 
Clark Oil & Gas 
new wells 
 
N/A 
(all shallow by 
def’n) 
 
Cabawin-1 (or 
equiv) 
Fantome 
Unknown how far 
to the east (into 
the basin centre) 
the ‘no 
sand’ facies 
extends 
Next Steps (short term) 
The new data opportunities are being further matured, cost estimates put in place and negotiations 
commenced. The program option will be described in the next Milestone reports due on 1st April, 
2017. An explanatory presentation discussing basin calibration and impacts on project outcomes will 
also be circulated for discussion. 
Opportunity Registers (v3.3d – 10/03/17). 
This updated OR is shown below with movements indicated as opportunities are matured. 
Figure 5: Updated project risk & opportunity register – 10/03/17 
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9. Appendix D – Daydream suitability technical note 
Introduction 
The Daydream 1 well is located in permit area ATP 645, approximately 80km west of the town of Tara 
and approximately 60km east of the town of Surat. The well was drilled as a vertical well between 
November 2011 and suspended 62 days later. It was drilled to a total depth of 414.0m. The primary and 
secondary targets were in the Permian Bowen Basin underlying the Surat Basin. The Precipice 
Formation, which is the target of this UQ-SDAAP Project was not a target of interest for this deep 
exploration well 
The Jurassic, Precipice Sandstone was encountered at 2168m MBRT, underneath an Evergreen 
Formation seal which was 147m thick (drilled). The sandstone section in this well are significant thinner 
(true vertical) than encountered in Fantome-1 and is less massive with a slight more ‘ratty’, coarsening 
upwards sequence. 
The geological sequences found in each well represent different Precipice Sandstone play segments. 
Dynamic properties are expected to be different between the two segments thus each well test would 
calibrate different areas of the Basin and play. 
Data Acquired 
The same data acquisition suite was acquired for Daydreeam-1 as for Fantome-1, though the depth 
ranges differ slightly. A total of 29 logs and reports is available on QDEX. The wireline logging suite is 
shown in Table 30, below 
Table 3: QGC Daydream-1. Logging Suite (after: QGC, QDEX WCR) 
 
 
Suite 
 
 
Run 
Hole Size 
 
(inches) 
Daydream-1 
Logging Suite 
Log Depth (m) 
 
From To 
1 1 12¼ GR-HRLA-SSCAN-PPC 2864.38 835 
1 2 12¼ GR-PEX-HNGS-APS 2863.45 835 
2 1 8½ GR-APS-DUAL PEX-PPC-ECS- 
HNGS 4142.7 2726 
2 2 8½ GR-FMI-PPC-HRLA-SSCAN-PCC 2630 847 
2 3 8½ GR-PPC- CMR 4144.12 2839.52 
2 4 8½ GR-VSIT 4142.8 800 
2 5 8½ GR-MSCT 4140 2726 
 
Basic Interpretation (key horizons), Daydream-1 
A full mud-log interpretation and composite log for Daydreeam-1 are included in the Queensland 
Exploration database (QDEX) and the statutory Well Completion Report (WCR). 
A full review of these interpretations in the context of significant, ongoing UQ modelling (Background IP) 
will be a key part of the early stage of the Project (WBS 3100). 
The left-hand, composite log in Figure 7 is extracted from the QGC, Well Completion Report (WCR) for 
Daydream-1, showing the basic logs and current interpretation of the Evergreen Formation and 
Precipice Sandstone. 
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In contrast to Fantome-1, the Precipice Sandstone in Daydream-1 is characterised by single, relatively 
thin, ‘block’ section at the top of the formation, which is not as ‘clean’ (low GR) as either of the thicker 
sections seen in Fantome-1. The Precipice Sandstone underlying the upper clean ‘sand’ body, has 
significantly more indication of siltstone and argillaceous effects indicating a poorer reservoir quality. 
In addition to the increases content of finer grain sizes, a minor coal horizon was encountered in the 
Precipice Sandstone in this well. 
The interpretation needs to be calibrated with recent information from elsewhere in the basin. 
Well Suspension Diagram 
With reference to Figure 8, there are currently 4 strings of casing in the well. 
Casing scheme (not CO2 or sour service) 
A.    20”: K-55, 94 lb/ft. 
Surface to 57m (shoe). Cemented to surface. 
B.    13 3/8 ”: K-55, 61 lb/ft. 
Surface to 844m (shoe). Cemented to surface and pressure tested to 1,500 psi 
C.    9 5/8”: P110, 47 lb/ft. 
Surface to 2857m (shoe). Cemented back to inside 13 3/8” casing. Pressure tested to 3,300 
psi 
D.   5 1/2”: P110, 28.6 lb/ft. 
Surface to 4136m (shoe). Cemented back to inside 9 5/8” casing. Pressure tested to 10,000 
psi 
 
Review of Daydream-1 Suspension. 
The main issue relating to the suitability of Daydream-1 for recompletion and conversion to a water well 
is related to the 
1. The presence of adequate Precipice sandstone facies 
2. The height of the cementation of the 5 ½” casing back into the 9 5/8” casing which must 
a. Not come up to the Precipice depth 
b. Leave sufficient clearance to cut and pull a completely cement-free 5 ½” tubing 
c. Leave sufficient clearance to comply with Queensland well construction code which 
requires 100ft (30m) of cement about the “cut”. 
d. Allow for sufficient ‘spare’ hole depth (‘rathole’) below the Precipice for operational 
purposes. 
Both Fantome-1 and Daydream-1 have been screened with these operational and regulatory constraints 
in mind. The analysis is summarised overleaf. From this it can be seen that Daydream cannot fulfil the 
regulatory or operational criteria. 
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Figure 6: Summary of Well Suitability of Re-entry and Conversion to Precipice Test Well. 
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